Although the circulatory changes in various thyroid states are well known, the alterations of myocardial contractility of hypothyroidism and hyperthyroidism have remained controversial. The changes in the length of the ejection time (ET) and isovolumic contraction time (ICT) 
and the decrease in these parameters in hypothyroidism have been documented in the past.1-4 The mechanism or mechanisms responsible for these changes have been the subject of numerous investigations.
The similarity between hyperthyroid symptomatology and that of sympathetic system stimulation has been suggestive of some thyroid-sympathetic interrelationship.5 Although the chronotropic effect of thyroid hormone on the myocardium was clearly demonstrated in 1931 by Yater and Markowitz,6 7 its possible inotropic effect has remained controversial.
The effect of various levels of thyroid activity on the heart may be postulated to be due to one or combinations of the following mechanisms: first of all, the participation of the heart in increased or decreased general body metabolism; secondly, the servo adjustment of the myocardium to fulfill the general body requirements of blood flow and oxygen consumption; and thirdly, the direct or indirect effect of the thyroid hormone on the cardiac muscle regardless of any other influences.
Buccino and his co-workers8 have recently shown that the thyroid state exerts an inotropic effect on the isolated papillary muscle of hyperthroid and hypothyroid cats. The accelerated rate of muscular shortening and abbreviation of time to peak tension in hyperthyroid and the opposite situation in hypothyroid muscle were demonstrated.
It was the purpose of this study to evaluate the effect of various thyroid states on myocardial contractility in intact man using reliable, yet simple, laboratory techniques. Changes in myocardial contractility in various thyroid states were estimated from changes in the different phases of ventricular systole while all other parameters involved in their duration were taken into consideration. The effect of adequate reserpine therapy on these changes was used to investigate possible thyroid-catecholamine interaction.
Methods
Ten healthy volunteers, 13 hyperthyroid, and five hypothyroid subjects were studied. All subjects were hospitalized and introduced to the laboratory environment 2 to 3 days prior to study. Laboratory confirmation of the clinical diagnosis was obtained (tables I and 2). Subjects with any associated problems were eliminated from the study, and heart failure, coronary artery disease, high output state of other causes, hypertension, cardiomegaly, and pericardial effusion were specifically excluded in the subjects selected. All subjects were studied prior to any therapy.
Oxygen consumption was measured in the basal state prior to the study by micro-Scholander analysis of duplicate samples of expired air collected of a strain-gauge.* Recordings were made at paper speeds of 100 to 200 mm/sec, with time markers of 0.02 sec ( fig. 1 ). The duration of systole (S1-A2) was measured from the first major vibration of SI to the first major vibration of second heart sound A2. The left ventricular ejection time (ET) was measured from the beginning of the carotid upstroke to the trough of the incisura. The external isovolumic contraction time was calculated by subtraction of ET from the duration of systole (S1 to A2). The pre-injection period (PEP) was calculated by subtraction of ET from the duration of total electro-mechanical systole (Q to A2)
In each subject 10 consecutive, well-inscribed complexes were measured and the average was recorded to the nearest 0.002 sec.
In each subject the predicted ejection time (PET) with respect to stroke volume (SV) and heart rate (HR) was calculated by using the regression formula reported by Weissler and The average ejection time of six hyperthyroid subjects before and after reserpine therapy is shown in dotted columns and their predicted ejection times are demonstrated in hatched columns.
significantly higher than normal, 48 4 ml/ m2 (p < 0.001).
Although the actual ejection time of hypothyroid subjects (296 22 msec), was statistically equal to that of normal subjects (305 21; P > 0.40), when the effects of low stroke volume and slow heart rate were taken into consideration, it was obvious that hypothyroid subjects had a significantly longer actual ejection time (296+22 msec) than would be predicted (243+ 14; P <0.001). In figure 3 , the actual and predicted ejection times of each hypothyroid subject are plotted relative to stroke volume index.
The converse was noted in hyperthyroid subjects ( fig. 4) among the studied groups would not be an important factor in comparative evaluation of data obtained in this study.
Changes in Ejection Time
Ventricular ejection time is dependent on heart rate, stroke volume, mean arterial pressure, and ventricular contractility. There is an inverse relationship between heart rate and ejection time and a direct and independent relationship between stroke volume and ejection time. 23 The changes in ejection time, due to variations in heart rate and stroke volume, have been evaluated by calculation of the predicted ejection time.
The average difference in mean arterial pressure between normal and hypothyroid subjects was 12 mm Hg and between normal and hyperthyroid subjects was 9 mm Hg. Wallace and associates23 and recently Shaver and co-workers24 have shown that large changes in mean arterial pressure are required to induce small changes in the duration of ejection. Thus, these differences in mean arterial pressure could not have induced significant alterations in the duration of the ejection time.
In view of these considerations, the inotropic state of the left ventricle is the only remaining determinant which could be held responsible for changes in ejection time. Therefore, the abbreviation of ejection time in hyperthyroidism and its prolongation in hypothyroidism, both of which were more than could be predicted, are indicative of increased and decreased myocardial contractility, respectively. Reserpine-treated hyperthyroid subjects maintained their shortened ejection times relative to predicted ejection times, thereby indicating that the increase in myocardial contractility in hyperthyroidism is not dependent on catecholamine stores. Catecholamine depletion with reserpine in six hyperthyroid subjects seems certain since the dosage used was remarkably more than has been proven by Chidsey and co-workers'0 to cause catecholamine depletion in human left atrial appendage. Since the heart size was within normal limits in all groups of subjects and there was no clinical evidence of heart failure, it is unlikely that a possible existence of a difference in end-diastolic volume of sufficient magnitude to affect isovolumic contraction time could have been present.
The difference in the arterial diastolic pressure of normal volunteers from that of hyperthyroid and hypothyroid subjects was in the range of 3 to 4 mm Hg, and these pressures were statistically the same; this finding, therefore, eliminated the difference in arterial diastolic pressure as a factor influencing isovolumic contraction time in this study. The isovolumic contraction time of hyperthyroid subjects treated with reserpine remained unaltered, again indicating that increased contractility in hyperthyroidism is not related to the level of catecholamine stores.
Pre-ejection Period
Since the precise time of onset of the first heart sound is often difficult to determine, the measurement of external isovolumic contraction time is subject to some small errors.
It is generally agreed, however, that the preejection period can be measured very accurately externally.29 30 In spite of changes in left ventricular end-diastolic pressure, a highly significant correlation between an increased rate of pressure rise in the ventricle and abbreviation of the pre-ejection period has been demonstrated previously.25 Shortening of the pre-ejection period by inotropic agents, such Pre-ejection periods of normal, hypothyroid, and hyperthyroid subjects are shown in hatched columns and the Q-S1 period is in dotted column.
as isoproterenol and digitalis, has been documented by Harris and co-workers. 31 Atropine induced tachycardia and right atrial pacing at fast rates do not result in a significant change in the pre-ejection period.32
The pre-ejection period in hyperthyroid subjects (69 ± 11 msec) was shorter and in hypothyroid subjects (143 + 21 msec) was longer than that in normal volunteers (103 ± 16 msec) ( fig. 8 ). Since most of the shortening or lengthening occurred after the first heart sound ( fig. 9 ), changes in electromechanical delay cannot be a major factor in variations of the pre-ejection period. The conclusion and interpretation of these findings are similar to those for isovolumic contraction time.
Critical analysis of the phases of systole, ejection time, isovolumic contraction time, and pre-ejection period clearly indicate enhanced myocardial contractility in hyperthyroidism and depressed myocardial contractility in hypothyroidism. Catecholamine depletion with reserpine repeatedly failed to alter the hemodynamic findings of hyperthyroid subjects toward normal. This study in man is in support of the conclusions made by Buccino and co-workers8 in isolated papillary muscle of euthyroid, hypothyroid, and hyperthyroid cat reported recently.
